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10 The present invention concerns the transformation of a digital signal, 

such as digital filtering. 
^£aJ>^^ Numerous digital filtering methods and devices are known. Digital 

signal analysis filterings are envisaged here by way of example. Amongst such 
filterings, wavelet transformations are more particularly envisaged. 

15 These filterings are generally subassemblies integrated into the 

coding and/or decoding assemblies. They often require a large amount of 
random access memory or buffer space for storing the data in the course of 
processing. For example, for image processing, the most conventional 
solutions for producing the wavelet transform consist of loading the entire 

20 image to be processed into memory and then effecting the different filtering 
steps. The memory space is then so large that this makes it difficult to 
implement such filterings in appliances such as photographic appliances, 
facsimile machines, printers or photocopiers for example. 
*pJ) % The present invention provides a method and a device for 

25 transforming a digital signal which minimises the degree to which the data 
being processed occupy buffer space. 

To this end, the invention proposes a method of transforming a 
digital signal representing a physical quantity, into signals of frequency sub- 
bands distributed in at least two different frequency bands and in at least two 

30 different resolutions, 

characterised in that it includes steps of: 
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- dividing the signal into first blocks all having a same predetermined 
first number of samples, 

- transforming each of the first blocks formed at the previous step 
into a plurality of second blocks, 

5 any second block under consideration having a second respective 

number of samples which depends on the resolution of the second block under 
consideration, and containing samples selected according to their frequency, 

- grouping second blocks issuing from the transformation of different 
first blocks in order to form third blocks all having a same predetermined third 

10 number of samples which is at least equal to the largest of the second 
numbers. 

By virtue of the invention, the space taken up in the buffer by the 
data currently being processed is reduced compared with the prior art. Thus 
powerful filterings can be integrated in numerous appliances, without these 
1 5 requiring very large memories. 

According to a preferred characteristic, the transformation is a 
wavelet transformation. 

According to preferred and alternative characteristics, the first blocks 
overlap in pairs on a predetermined fourth number of samples or the first blocks 
20 are adjacent. The overlap between adjacent blocks, for example on a row 
and/or column, improves the quality of the reconstructed signal after 
processing. 

According to a preferred characteristic, the first blocks are 
processed in a predetermined order, such that the signal is transformed zone 
25 by zone, a zone of the signal being processed at all resolution levels before 
passing to a following zone. Thus the memory requirements are minimised. 

According to another preferred characteristic, the grouping of the 
second blocks is effected by grouping together second blocks having the same 
number of samples and samples selected according to the same frequency 
30 band. This is because blocks are grouped together having samples of the 
same nature, so that their subsequent processing is optimised. 



According to a preferred characteristic, the digital signal is an image 
signal. The invention applies advantageously to an image signal, which 
generally requires a large amount of memory space. This memory space is 
reduced by virtue of the invention. 

The invention also concerns a coding method which includes the 
characteristics set out above and has the same advantages. 

Correlatively, the invention proposes a device for transforming a 
digital signal representing a physical quantity, into signals of frequency sub- 
bands distributed according to at least two different frequency bands and 
according to at least two different resolutions, 

characterised in that it has; 

- means of dividing the signal into first blocks all having a same 
predetermined first number of samples, 

- means of transforming each of the first blocks into a plurality of 
second blocks, 

any second block under consideration having a second respective 
number of samples which depends on the resolution of the second block under 
consideration, and containing samples selected according to their frequency, 

- means of grouping second blocks issuing from the transformation 
of different first blocks in order to form third blocks all having a same 
predetermined third number of samples which is at least equal to the largest of 
the second numbers. 

The device has means of implementing the characteristics set out 

above. 

The invention also concerns a coding device, a digital appliance 
including the transformation or coding device or means of implementing the 
transformation or coding method. This digital appliance is for example a digital 
photographic appliance, a computer, a facsimile machine, a photocopier, a 
scanner or a printer. 

The advantages of the device and of the digital appliance are 
identical to those set out above. 
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An information storage means which can be read by a computer or 
by a microprocessor, integrated or not into the device, possibly removable, 
stores a program implementing the filtering method. 

The characteristics ana advantages of the present invention will 
5 emerge more clearly from a readinb of a preferred embodiment illustrated by 
the accompanying drawings, in whicnL 

- Figure 1 depicts schemar^cally a data processing device according 
to the invention, 

- Figure 2 depicts an embodiment of a data processing device 
10 according to the invention, 

- Figure 3 depicts an embodiment of a data processing device 
according to the invention, 

- Figure 4 depicts an embodiment of a coding circuit according to the 
invention included in the device of Figure 2,i 



Figure 5 depicts a memory modble included in the coding circuit of 
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Figure 4, 

- Figure 6 depicts a part of an irn^ge to be coded according to the 

invention. 

- Figure 7 depicts a vertical filtering module included in the coding 
20 circuit of Figure 4, 

- Figure 8 depicts a horizontal filterincj^module included in the coding 
circuit of Figure 4, 

- Figure 9 depicts a buffer module included in the coding circuit of 

Figure 4, 

25 - Figure 10 depicts data stored in the bufrer module of Figure 8, 

- Figure 11 depicts a buffer module included in the coding circuit of 
Figure 4, and 

- Figure 12 depicts a data coding algorithm according to the 

invention. 

30 



U 



According to a chosen embodiment depicted in Figure 1, a data 
processing device according to the invention is a data coding device 2 which 
has an input 2i to which a source 1 of uncoded data is connected. 

The source 1 has for example a memory means, such as a random 
5 access memory,, a hard disk, a diskette or a compact disc, for storing uncoded 
data, this memory means being associated with a suitable reading means for 
reading the data therein. A means for recording the data in the memory means 
can also be provided. 

It will more particularly be considered hereinafter that the data to be 
10 coded are a series of digital samples representing an image IM. 

(I — > The source 1 supplies a digital image signal SI at the input of the 
( w coding circuit 2. The image signal SI is a-series of digital words, for example 
bytes. Each byte value represents a pixel of the image IM, here with 256 grey 
levels, or black and white image. The image can be a multispectral image, for 
15 example a colour image having components in three frequency/ bands, of the 
red-green-blue or luminance and chrominance type. Each band is then 
processed in a similar fashion to the monospectral image. 

Means 3 using coded data are connected at the output 2 2 of the 
|C l coding device 2. 

20 The user means 3 include for example coded data storage means, 

and/or coded data transmission means. 

The coding device 2 includes conventionally, as from the input 2-^, a 
transformation circuit 2 3) to which the present invention more particularly 
relates, and an example embodiment of which will be detailed hereinafter. The 
transformations envisaged here are decompositions into frequency sub-bands 
signals of the data signal, so as to effect an analysis of the signal. The analysis 
is performed on at least two resolution levels, the resolution of a signal being in 
general terms the number of samples per unit length which are used for 
representing the signal. 
30 The transformation circuit 2 3 is connected to a quantisation circuit 2 4 . 

The quantisation circuit implements a quantisation known per se, for example a 
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scalar quantisation, or a vector quantisation, of the coefficients, or groups of 
coefficients, of the frequency sub-band signals supplied by the circuit 2 3 . 

The circuit 2 4 is connected to an entropic coding circuit 2 5 , which 
effects an entropic coding, for example a Huffman coding, or an arithmetic 
coding, of the data quantised by the circuit 2 4 . 

The coding device can be integrated into a digital appliance, such as 
a computer, a printer, a facsimile machine, a scanner or a digital photographic 
apparatus, for example. 

With reference to Figure 2, an example of a device 10 implementing 
the invention is described. 

The device 10 is here a microcomputer having a communication bus 
101 to which there are notably connected: 

- a central unit 100, 

- a read only memory 102, 

- a random access memory 103, 

- a dedicated circuit 104 implementing the invention, which will be 
described hereinafter, 

- an input/output circuit 105. 

The device 10 can include, in a conventional fashion, a keyboard or 
a disk drive adapted to receive a diskette, or can be adapted to communicate 
with a communication network. 

The device 10 can receive data to be coded from a peripheral 
device, such as a digital photographic apparatus, or a scanner, or any other 
means of acquiring or storing data. 

The device 10 can also receive data to be coded from a distant 
device, via the communication network, and transmit coded data to a distant 
device, again via the communication network. 

According to the embodiment depicted, the random access memory 
103 is a direct-access dynamic memory, known as DRAM, from the English 
"Dynamic Random Access Memory". This memory is useful in the context of 
the invention for reading the samples of the image in a particular order, as 
disclosed below. 
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The circuit 104 also has a Static Random Access Memory known as 



In more general terms, the programs according to the present 



invention are stored in a storage means. This storage means can be read by a 
computer or by a microprocessor. This storage means is integrated or not into 
the device, and may be removable. For example, it may have a magnetic tape, 
a diskette or a CD-ROM (fixed-memory compact disc). 



With reference to Figure 3, there is described an example of a 



device 300 implementing the invention. This device is adapted to code and/or 
decode a digital signal. 

The device 300 is here a microcomputer having a communication 
bus 301 to which there are connected: 



- a central unit 305, 

- a read only memory 302, 

- a random access memory 303, 

- a screen 304, 

- a keyboard 314, 

- a hard disk 308, 

- a disk drive 309 adapted to receive a diskette 310, 

- an interface 312 for communication with a communication network 



- an input/output card 306 connected to a microphone 31 1 . 

The hard disk 308 stores the programs implementing the invention, 



which will be described hereinafter, as well as the data to be coded and the 
data coded according to the invention. These programs can also be read on 
the diskette 310, or received via the communication network 313, or stored in 
the read only memory 302. 



In more general terms, the programs according to the present 



invention are stored in a storage means. This storage means can be read by a 
computer or by a microprocessor. This storage means is integrated or not into 
the device, and may be removable. For example, it may have a magnetic tape, 
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a diskette or a CD-ROM (fixed-memory compact disc). 
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When the device is powered up, the programs according to the 
present invention are transferred into the random access memory 303, which 
then contains the executable code of the invention, and registers containing the 
variables necessary for implementing the invention. These variables, which will 
5 be detailed below, are notably the variables i and L. The random access 
memory includes a buffer. 

The device 300 can receive data to be coded from a peripheral 
device 307, such as a digital photographic apparatus, or a scanner, or any 
other means of acquiring or storing data. 



10 The device 300 can also receive data to be coded from a distant 

Q device, via the communication network 313, and transmit coded data to a 

If! distant device, again via the communication network 313. 

ry The device 300 can also receive data to be coded from the 

™ microphone 31 1 . These data are then a sound signal. 

O 15 The screen 304 enables a user notably to display the data to be 

□ coded, and serves, with the keyboard 314, as a user interface. 

Figure 4 depicts an embodiment of the coding circuit 104 according 

=p to the invention. 

q The circuit 104 includes: 

20 - a controller 20 which controls the operation of the modules 



included in the circuit 104, 

- a reorganisation buffer memory module 21 , 

- a vertical filtering module 22, 

- a horizontal filtering module 23, 
25 - a first buffer memory module 24, 

- a second buffer memory module 25, 

- an entropic coding and quantisation module 26. 

The module 21 has data inputs and address outputs connected to 
the random access memory 103. The module 21 also has outputs connected 
30 to the vertical filtering module 22. The module 21 makes it possible to 
sequence the samples to be processed in a specific order and to store them 
before they are processed. 
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The vertical filtering module 22 effects a filtering in the vertical 
direction of the image and has outputs connected to the horizontal filtering 
module 23. 

The horizontal filtering module 23 effects a filtering in the horizontal 
5 direction of the image and has outputs connected to the modules 24 and 25. 
Naturally, in an equivalent manner, the horizontal filtering module can be placed 
before the vertical filtering module. 

The module 24 has an output connected to the vertical filtering 
module 22. The module 25 has outputs connected to the quantisation and 
10 entropic coding module 26. 

The quantisation and entropic coding are conventional and will not 
be detailed here. <^ 

The modules 21, 22, 23, 24 and 25 are detailed hereinafter. 
The operation of the circuit 104 is approximately as follows. 
15 The filtering is effected by blocks of samples. In general terms, a 

block is a group of samples selected in the image. The blocks are here 
rectangular in shape, with an overlap between adjacent blocks which is zero or 
one row and/or one column of samples. All the blocks have the same number 
of samples, so that they are all filtered in an identical fashion. 
20 For this, the samples of the image to be coded are read in the 

memory 103 in a fashion sequenced by the module 21, in the form of blocks 
which are then filtered in the two vertical and horizontal directions by the 
modules 22 and 23. Each block is thus analysed according to its frequencies 
so as to be transformed into four sub-blocks by the modules 22 and 23. 
25 The analysis is then carried out on at least two resolution levels, that 

is to say the sub-blocks containing samples of low frequency in the two analysis 
directions, obtained at at least one first resolution level, are filtered in their turn 
by the modules 22 and 23. This looping is effected at least once. Each block 
of the initial image is analysed according to all the required resolution levels. 
30 The sub-blocks which do not contain samples of low frequency in 

the two analysis directions obtained at the first resolution level are supplied to 
the module 25 and are then quantised and coded entropically by the module 
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26. The latter is adapted to process blocks of fixed predetermined size, chosen 
so as to be equal to that of the sub-blocks obtained at the first resolution level. 

The blocks obtained at the lower resolution levels have sizes smaller 
than that required by the module 26. These blocks are consequently grouped 
so as to form blocks having the required size. 

The sub-blocks containing samples of low frequency in the two 
analysis directions are supplied to the module 24, in order to effect the looping 
mentioned above, except for the last resolution level of the decomposition, 
where the sub-blocks are supplied to the module 25. 

Figure 5 depicts the buffer memory module 21 for reorganising data 
in it. The circuit 21 makes it possible to read the data in an order 
predetermined in the original image. 

For example, Figure 6 depicts part of the image to be coded. The 
filtering of the image is effected by blocks. Consequently the image is divided 
into blocks of samples Bj, where i is an integer which represents the rank of the 
block. By way of example, square blocks of size 64x64 samples are 
considered hereinafter. In addition, these blocks can overlap between adjacent 
blocks over a predetermined number of rows and/or over a predetermined 
number of columns. Hereinafter, the case will be dealt with where the overlap 
is of one row and one column, although larger overlaps are possible. Each 
block then includes (64(+1))x(64(+1)) samples. The advantage of the overlap 
between the adjacent blocks, and the questions of edge filtering, are disclosed 
in French patent applications 99 02303 and 99 02305. 

Within a block, the samples are read in a predetermined order, for 
example in a zigzag scanning from the top left-hand corner to the bottom right- 
hand corner. 

The blocks are themselves processed in an ordered fashion, in an 
order which minimises the memory occupation of the data currently being 
processed. 

For example, for a decomposition of the image on three resolution 
levels, the blocks are considered and processed by groups of four adjacent 
blocks, such as the blocks Bi, B2, B 3 and B 4 . 
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The groups of four blocks are themselves considered in subgroups 
of four blocks, referred to as macroblocks. 

The order of processing of the blocks for a decomposition of three 
resolution levels is depicted in Figure 6 by a continuous line. The four blocks in 
5 a group are run through before passing to the following group. Likewise, a 
macroblock is totally run through before passing to the following macroblock. It 
should be noted that, within a group of four blocks, the blocks are processed in 
any order. Likewise, within a macroblock, the groups are processed in any 
order. 

10 This order of processing makes it possible to filter the image by 

zones, at all resolution levels. Thus only the data of the current zone are kept 
in memory, and are filtered at all the required resolution levels. 

— It should be noted that the number of blocks included in a 
_ macroblock depends on the number of resolution levels. Thus one macroblock 

r 

15 has 16 blocks for three resolution levels, 64 blocks for four resolution levels and 
256 blocks for five resolution levels. 

With reference once again to Figure 5, the module 21 has a random 
access memory 210 and a reordered address generator 21 1 . 

The address generator 21 1 is controlled by the signals Hsync, Vsync 
20 and ACT supplied by the controller 20. The address generator 21 1 supplies an 
address signal ADR in seven bits to the random access memory 210 and 
controls the writing of the data in this memory by the signal WE. 

The address generator 21 1 supplies an address signal ADR1 to the 
random access memory 103 and control signals D1 and D2. The data are read 
25 in the memory 103 in series of 64(+1) bytes. 

The data are written in the memory 210 in accordance with a 
reading-modification-writing scheme. The memory 210 has five inputs DM to 
DI5 and five outputs DOI to DOS. The input DM receives eight bits from the 
memory 103. The outputs DOI to D04 are respectively connected to the 
30 inputs DI2 to DI5. The memory 210 is thus a shift register having a depth of 
five bytes and a width of 64(+1 ) bytes. 
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The memory 210 supplies five bytes at a time to the vertical filtering 
module 22. 

With reference to Figure 7, the vertical filtering module has a 
multiplexer 220 and a vertical filtering circuit 221. 
5 A first input of the multiplexer 220 is connected to the module 21 

whilst the second input of the multiplexer 220 is connected to the module 24, 
which will be described below. An output of the multiplexer 220 is connected to 
an input of the filtering circuit 221. 

The controller 20 supplies a control signal NIV in order to indicate 
10 which is the resolution level of the data to be filtered. When the data of the 
C3 original image are to be filtered, which corresponds to the highest resolution 

m level, the multiplexer selects the data coming from the module 21 . In this case, 

the five bytes are thus formed into five words each of sixteen bits, setting the 
u3 unused bits to zero. Thus the format of the data to be filtered is compatible 

□ 15 with the functioning of the circuit 221 . 

JU When data of a lower resolution level are to be filtered, the selected 

=P data are those coming from the module 24. These data are received in the 

jz form of five words each of sixteen bits. 

p; The circuit 221 receives as an input five words each of sixteen bits 

20 and effects a wavelet filtering in so-called "lifting" form, as described for 
example in French patent application No 98 08824. The filter used here is a 
5/3 filter. Other methods of effecting wavelet filtering are possible, for example 
by convolution. The circuit 221 supplies to the module 23 two flows each of 
sixteen bits, one of which includes low-frequency samples and the other high- 
25 frequency samples. 

Figure 8 depicts the horizontal filtering module 23 which has two 
shift registers 220 and 231 and two filtering circuits 232 and 233. 

The shift register 230 receives the high-frequency samples from the 
module 22, forms five words each of 16 bits and applies them to the filtering 
30 circuit 232. The latter, similar to the filtering circuit 221 , works here on 80 input 
bits and effects a wavelet filtering in the horizontal direction and supplies as an 
output two flows each of 16 bits. 
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One of these flows has samples of high frequency in the two 
analysis directions and the other samples of high frequency in the vertical 
direction and samples of low frequency in the horizontal direction. 

In a similar fashion, the shift register 231 receives the low-frequency 
5 samples from the module 22, forms five words each of 16 bits and applies them 
to the filtering circuit 233. The latter, similar to the filtering circuit 232, works 
here on 80 input bits and effects a wavelet filtering in the horizontal direction 
and supplies as an output two flows each of 16 bits. 

One of these flows includes samples of low frequency in the two 
10 analysis directions and the other samples of low frequency in the vertical 
Eg direction and samples of high frequency in the horizontal direction. 

The module 23 thus has four outputs connected to four inputs of the 
=P memory module 25. The outputs supplying the flow of samples of low 

U3 frequency in the two analysis directions is also connected to the memory 

ru 

R 15 module 24. 



The filtering of a block B if of size of (64(+1))x(64(+1)) samples thus 
results, at the first decomposition level, in four blocks LL if i, LHj-i, HL j(1 and HH it1 . 
The block LL U has a size of (32(+1))x(32(+1)) samples, whilst the blocks LH it1 , 
HLj t1 and HH it1 each have a size of 32x32 samples. 

20 The block LLjj contains samples of low frequency in the two analysis 

directions, the block LHjj contains samples of high frequency in a first analysis 
direction and of low frequency in the other analysis direction, the block HLj -i 
contains samples of low frequency in the first analysis direction and of high 
frequency in the other analysis direction and the block HH j(1 contains samples 

25 of high frequency in the two analysis directions. 

When the block LLj.i is in its turn filtered, this gives four blocks LL i2 , 
LH j(2 , HLj i2 and HH it2 at the second resolution level. The block LL ii2 has a size 
of (16(+1))x(16(+1)) samples and the blocks LH ii2 , HL ii2 and HH i2 each have a 
size of 16 x 16 samples. 

30 The block LLj, 2 can in its turn be filtered, and so on. 

The blocks which contain samples of low frequency in one analysis 
direction have, at each decomposition level, an overlap in this analysis direction 



14 



which is divided by two compared with the previous level, and then rounded up. 
The blocks which contain samples of high frequency in one analysis direction 
have, at each decomposition level, an overlap in this analysis direction which is 
divided by two compared with the previous level, and then rounded down. The 
5 overlap of the blocks which contain samples of high frequency in at least one 
analysis direction is eliminated. The overlap of the blocks which contain 
samples of low frequency in the two analysis directions is eliminated only at the 
end of the last decomposition level. 

Figure 9 depicts the buffer memory module 24, which has a buffer 
1 0 memory 240, an address generator 241 and a circular shift register 242. 

p The address generator 241 receives control signals from the 

controller 20. The signal PBV indicates that the data on the input bus are valid. 
The signal PS indicates which resolution level is currently being processed. 

In The address generator 241 supplies a write control signal WE to the 

ji! 15 memory 240, and an address signal AD1. The addresses are here expressed 

^ in nine bits. 

,5 The memory 240 receives the low-frequency sub-bands resulting 

" from the decomposition of the blocks by the filtering modules 22 and 23, except 

□ for the lowest resolution level, since the data of this last decomposition level are 

20 not analysed. 

Figure 10 illustrates the organisation of the memory 240. For a 
decomposition at four levels of a block Bj, the memory 240 contains three areas 
for storing the low-frequency sub-bands LL ii1f LL i 2 and LL i(3 resulting from the 
decomposition of the blocks by the filtering modules 22 and 23. The size of the 
25 memory is therefore related to the number of decomposition levels. 

Thus a first area has the capacity to store the block LL i(1 containing 
the samples of low frequency at the first resolution level, that is to say 
(32(+1))x(32(+1)) samples. A second area has the capacity to store the block 
LL it2 containing the samples of low frequency at the second resolution level, 
30 that is to say (16(+1))x(16(+1)) samples. Finally, a third area has the capacity 
to store the block LLj t 3 containing the samples of low frequency at the third 
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resolution level, that is to say (8(+1))x(8(+1)). All the samples are expressed in 
sixteen bits. 

It is not necessary to store in the memory 240 the block containing 
the samples of low frequency at the fourth and last resolution level, since this 
5 block is directly quantised and coded entropically. 

As a variant, the memory 240 can have a smaller size. This is 
because, after the filtering of the block LL if1 in order to supply the block LL ii2l 
the blocks LLjj is no longer necessary. The block LL ii2 can therefore be written 
in place of the block LL i( i. Likewise, after the filtering of the block LL ii2 in order 
10 to supply the block LL if3 the block LL ii2 is no longer necessary. The block LL ii3 
p can therefore be written in place of the block LL ii2 . In this case, the memory 

^ 240 has the capacity to store the largest of the blocks LL i(1 , LL ii2 and LL it3 . 

: : F; Figure 11 depicts the buffer memory module 25, which has an 

v3 address generator 251 , a multiplexer 252, a first buffer 253 and a second buffer 

pj 15 254. 

jL The address generator 251 receives control signals from the 

=p controller 20. The signal SBV controls the locking of the data in the memories 

7; 253 and 254. The signal SB indicates which sub-band is currently being 

2 processed. The signal ENC controls the output of the data from the memory 

20 253 or 254 for the quantisation and entropic coding of the data. The signal LVL 
indicates which resolution level is currently being processed. 

The address generator 251 supplies a write control signal WE to the 
memories 253 and 254, as well as two address signals AD2 and AD3. The 
addresses are here expressed in ten bits in the memory 254 and in twelve bits 
25 for the memory 253. 

The memory 253 receives the blocks LH i(L , HL itL and HH iiL resulting 
from the decomposition of the current block Bj at all the decomposition levels 
and stores them in memory. The blocks are grouped together according to 
their analysis orientation, so as to form grouping blocks of size 32x32, which 
30 corresponds to the size of the blocks which can be processed by the module 
26. 



16 



For this, according to the example chosen, the memory 253 has a 
capacity to store, for each decomposition level, three grouping blocks each 
containing 32x32 samples expressed in 16 bits. For the first decomposition 
level, one of these blocks includes a block LHjj, another of these blocks 
5 includes a block HLj.i and the last block includes a block HH it1 . For the second 
decomposition level, one of these blocks itself has four blocks LH ii2 , another of 
these blocks has four blocks HL it2 and the last block has four blocks HH i(2 . For 
the third decomposition level, one of these blocks itself has sixteen blocks LH ji3f 
another of these blocks has sixteen blocks HLj 3 and the last block has sixteen 
10 blocks HH ii3 . Finally, for the fourth decomposition level, one of these blocks 
□ itself has 64 blocks LH ii4l another of these blocks has 64 blocks HL ii4 and the 

(i last block has 64 blocks HH ii4 . 

a: I 

The memory 254 receives the block LL i(4 resulting from the 
v3 decomposition of the current block Bj at the last decomposition level and stores 

fli 

p 15 it in memory. The memory 254 stores as many blocks LL j4 as necessary to 

%. form a block having a size compatible with the functioning of the module 26. 

For this, according to the example chosen, the memory 254 has a capacity to 
2 store at least one block having 32x32 samples expressed in 16 bits. 

y As a variant, the memory 254 can store blocks LL i 4 to form a block 

t-._ = 

20 with a size less than that of the grouping blocks of the higher resolution levels. 

As an output, the multiplexer 252 receives a control signal from the 
address generator 251 and selects one of the four blocks of size 32x32 in order 
to transmit it to the module 26. The latter effects a quantisation and an entropic 
coding of the data which it receives. 

25 Figure 12 depicts a digital signal coding method according to the 

invention, which is implemented in the device depicted in Figure 4, described 
above. The method is depicted in the form of an algorithm including steps E1 
to E18. This method effects the filtering on four decomposition levels of an 
image, and the quantisation and entropic coding of the filtered data. 

30 Step E1 is an initialisation at which a working parameter i is 

initialised to 1, in order to consider the first block of the image to be processed. 
The blocks are transformed in a predetermined order. 
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At the following step E2, a working parameter L is initialised to 1, in 
order to consider the first resolution level of the decomposition. The parameter 
L represents the current resolution level. 

The following step E3 is a test for determining whether the current 
5 resolution level is the first. If the response is positive, then step E3 is followed 
by step E4, at which the block B t of rank i is read in the image memory 210, and 
is then filtered so as to form four blocks of sub-bands LLj 1f LHj t i, HL i( i and 
HHj,i ( at the first resolution level. The blocks LLj,i, HL it1 and HHi t1 are stored in 
the buffer 253 of the module 25, and the block LU t1 is stored in the buffer 240 
10 of the module 24, as previously disclosed. 
O If the response is negative at step E3, then this step is followed by 

step E5, which is similar to step E4 f except for the fact that the block is read in 
;P the buffer 240. The block read belongs to the resolution level immediately 

v3 above the current level. At the last decomposition level, the block LL i(4 is stored 

J5 1 5 in the memory 254 of the module 25. 

;L Steps E4 and E5 are both followed by step E7, at which the 

,p parameter L is incremented by one unit in order to consider the following 

resolution level. 

2 Step E7 is followed by step E8, which is a test for determining 

20 whether the parameter L is strictly greater than 4. If the response is negative, 
then step E8 is followed by step E3. 

This looping makes it possible to filter a block Bj at all the desired 
resolution levels, here four levels. 

If the response is positive at step E8, then this means that the 
25 current block has been decomposed at all the resolution levels. Step E8 is then 
followed by step E9, at which the blocks LH j(1 , HL it i and HH i( i obtained at the 
first decomposition level are quantised and then entropically coded. These 
blocks have the size required by the module 26. These operations are 
conventional and will not be described here. 
30 Step E9 is followed by step E10, which is a test for determining 

whether the memory 253 contains complete blocks LH2, HL2 and HH2 of size 
32x32 containing respectively blocks LHj^, HLj t 2 and HH i( 2 obtained at the 
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second resolution level. Complete block means a block whose size is 
appropriate for this block to be processed by the module 26. 

If the response is negative, then the step is followed by step E17 for 
considering a following block in the original image. Step E17 is followed by the 
5 previously described step E2. 

— If the response is positive at step E10, then this step is followed by 
step E11, at which the previous complete blocks are quantised and then 
— entropically coded. 

Step E11 is followed by step E12, which is a test for determining 
10 whether the memory 253 contains complete blocks LH3, HL3 and HH3 of size 
C3 32x32 containing respectively blocks LH i(3 , HL i|3 and HH it3 obtained at the third 

m resolution level. 

^ If the response is negative, then this step is followed by step E17 for 

^3 considering a following block in the original image. Step E17 is followed by the 

fli 

p 15 previously described step E2. 

JU If the response is positive at step E12, then this step is followed by 

=F step E13, at which the previous complete blocks are quantised and then 

JE entropically coded. 

li Step E13 is followed by step E14, which is a test for determining 

20 whether the memory 253 contains complete blocks LH4, HL4 and HH4 of size 
32x32 containing respectively blocks LH i4l HL ii4 and HH ii4 obtained at the fourth 
resolution level and whether the memory 254 contains a complete block LL4 of 
size 32x32 containing blocks LL ii4 obtained at the fourth resolution level. 

If the response is negative, then this step is followed by step E17 for 
25 considering a following block in the original image. Step E17 is followed by the 
previously described step E2. 

If the response is positive at step E14, then this step is followed by 
step E15, at which the previous complete blocks are quantised and then 
entropically coded. 

30 Naturally, the number of steps such as the steps E10 to E15 

depends on the number of resolution levels chosen. 



4 m 

19 



Step E15 is followed by step E16, which is a test for determining 
whether all the image to be coded has been processed. 

If the response is negative, then the step is followed by step E17, at 
which the parameter i is incremented by one unit in order to consider the 
following block in the image. Step E17 is followed by the previously described 
step E2. 

When the response is positive at step E16, this step is followed by 
step E18, at which the buffers are emptied and any data which they may 
contain are quantised and coded. Coding of the image is then ended. 

Naturally, the present invention is in no way limited to the 
embodiments described and depicted, but quite the contrary encompasses any 
variant within the capability of a person skilled in the art. 



